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REMARKS 

Claim 38 is canceled, claims 55-57 are withdrawn, and claim 58 is newly added. Support 
for newly added claim 58 can be found throughout the specification, and specifically on page 4, 
lines 13-21; page 21, line 24 through page 22, line 2; figure 2, which shows pulmonary vascular 
resistance in control piglets compared to those given a nucleic acid molecule encoding ct\ 
antitrypsin; and page 28, lines 3-14. Support for new claim 59 can be found throughout the 
specification, and specifically on page 27, line 14 through page 28, line 14. It is believed that no 
new matter is added by these amendments. 

Claim Rejections - 35 USC § 112 

Claim 38 is rejected under 35 USC § 1 12, second paragraph, because it recites the 
limitation "the positively charged liposome" in line l./The Examiner alleges that there is 
insufficient antecedent basis for this limitation in the claim. Applicants respectfully traverse; 
however, claim 38 has been canceled without prejudice. 

Claim 38 is also rejected under 35 USC § 1 12, second paragraph, as allegedly being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicants regard as the invention, because it recites the trademark/trade name "Lipofectin™." 
Applicants respectfully traverse; however, as mentioned above, claim 38 has been canceled 
without prejudice. 

Claims 1, 37-41, and 54 are rejected under 35 USC § 1 12, first paragraph. The Examiner 
alleges that the specification, while being enabling for reducing endotoxin induced increase in 
pulmonary vascular resistance (PVR) by intravenously administering DOTMA/DOPE liposome 
complexed PCMV4AAT, which expresses al antitrypsin, into piglets as compared to 
intravenously administered recombinant al antitrypsin into piglets, does not reasonably provide 
enablement for enhancing delivery of al antitrypsin by administering any vector expressing al 
antitrypsin via various administration routes, wherein the blood concentration of al antitrypsin 
encoded by the nucleic acid displayed an enhanced al antitrypsin activity as compared to the 
same blood level of administered recombinant al antitrypsin protein. 
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The Examiner alleges that the specification fails to provide adequate guidance and 

evidence for whether the al antitrypsin encoded by a nucleic acid would have enhanced al 

antitrypsin activity compared to recombinant al antitrypsin activity in vitro or in vivo. Applicant 

respectfully disagrees. Page 27, line 14 through page 28, line 14 of the specification states: 

In young pigs (3-5kg), the effects of in vivo transfection with the pCMV4AAT 
construct using cationic liposomes delivered intravenously was compared to the 
effects of AAT protein (Prolastin)... One group received only endotoxin and the 
other group received Prolastin one hour prior to endotoxin infusion... Following 
transfection with the AAT plasmid, measurable blood concentrations of human AAT 
ranging from 45.1-217.8 ng/ml (average 105.5 ng/ml) were consistently observed. 
Blood concentrations of AAT in the animals receiving Prolastin were in excess of 
2000 ng/ml. Five animals received the AAT gene, five animals received the AAT 
protein, and six animals served as controls. Figure 2 shows pulmonary vascular 
resistance (PVR) over the course of the endotoxin response. Surprisingly, and in 
contrast [to those results observed with Prolastin], transfection with AAT essentially 
eliminated the endotoxin induced increase in PVR. 

Furthermore, Figure 2 clearly shows a marked decrease in PVR in those piglets given al 
antitrypsin nucleic acid compared with those piglets given recombinant al antitrypsin protein. A 
decrease in PVR in a piglet given al antitrypsin nucleic acid compared to a piglet given 
recombinant al antitrypsin protein is indicative of enhanced delivery of the al antitrypsin nucleic 
acid to a respiratory cell when compared with the recombinant protein. Therefore, the 
specification does show an enhanced al antitrypsin activity when the subject is given the nucleic 
acid compared to the recombinant protein. 

The Examiner also states that "The specification fails to show that the al antitryspin 
activities of nucleic acid encoded antitrypsin and recombinant antitrypsin protein are indeed 
different from each other." Applicants respectfully traverse, as the specification clearly and 
explicitly shows a difference between the two. For example, Figure 1 shows "Transfection with 
the AAT gene 48 hours before RSV infection significantly reduced RSV administration. AAT 
protein added to the medium in amounts 50-100 times that achieved with AAT gene therapy had 
no effect on RSV replication." (p. 22-23). Figure 2 also shows a clear difference in recombinant 
al antitrypsin protein and that seen with the al antitrypsin nucleic acid, as a marked increase in 
pulmonary vascular resistance was seen in the control piglets and those given recombinant al 
antitrypsin, but not those transfected with the al antitrypsin nucleic acid. 

Also stated by the Examiner is "The reduction of endotoxin induced increase in PVR 
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appears to be due to the more widely distributed nucleic acid encoded al antitrypsin via 
intravenously administered liposome complex as compared to intravenously administered 
recombinant al antitrypsin protein." This is not true, as both were administered intravenously, 
and would have had equal circulatory access. The difference resides in the fact that the nucleic 
acid was expressed in greater quantities in the area in which it was needed, i.e.; the respiratory 
cells, as compared to the recombinant protein which was seen in equivalent quantities in the 
bloodstream but which was not delivered in appropriate quantities to the appropriate places to 
reduce or prevent PVR. 

The Examiner makes the further remark that "Even if the nucleic acid encoded antitrypsin 
displays enhanced antitrypsin activity as compared to recombinant antitrypsin, the specification 
also fails to provide adequate guidance for the correlation between enhanced delivery of al 
antitrypsin to a respiratory cell and enhanced antitrypsin activity of nucleic acid encoded 
antitrypsin." Applicants respectfully traverse. The specification shows transfection of nasal 
mucosa with an al antitrypsin gene, which was delivered to humans with a deficiency in al 
antitrypsin. There is a definitive increase seen in al antitrypsin concentrations in the transfected 
nostril versus the untransfected nostril. . .there is a 3-6 fold increase in AAT [al antitrypsin] in 
the transfected nostril peaking at 3-5 days, and remaining twice above baseline for 7 days." (p. 
30, lines 15-18). The al antitrypsin gene was clearly being expressed by the nasal mucosa, 
which is a respiratory cell. 

The Examiner alleges that the specification fails to provide adequate guidance and 
evidence for whether any vector expressing al antitrypsin delivered to a subject via various 
administration routes would provide expressed al antitrypsin that showed enhanced al 
antitrypsin activity when compared to a recombinant al antitrypsin protein. Applicants 
respectfully traverse. It is well known in the art that a plethora of expression vectors are useful 
with the methods described herein. For example, Gautam et al. (Exhibit A) discloses that "both 
viral and non- viral vectors. . .have achieved significant levels of transgene expression in the 
lungs." (Abstract). Gautam goes on to say that "The molecular biology of viruses makes them 
ideal carriers for gene delivery. Their high transduction efficiency and tissue trophicity are major 
advantages for gene therapy." (p. 36, first paragraph). Guatam also teaches the use of non-viral 
vectors, such as cationic liposomes and polymers (p. 37-38). 
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Furthermore, a variety of methods of administration were also well known in the art at the 
time of the invention, and are described in the specification. For example, page 41 of the 
specification states that: 

The present invention can be used for administering nucleic acid for expression of 
specific nucleic acid sequences in cells. Routes of administration include 
intramuscular, aerosol, olfactory, oral, topical, systemic, ocular, intraperitoneal, 
and/or intratracheal. A preferred method of administering compositions is by oral 
delivery. Another preferred method of administration is by direct injection into the 
cells or by systemic intravenous injection. Transfer of genes directly has been very 
effective. Experiments show that administration by direct injection of DNA into 
joints and thyroid tissue results in expression of the gene in the area of injection. 
Injection of plasmids containing IL-1 into the spaces of the joints results in 
expression of the gene for prolonged periods of time. 

The specification further teaches methods of administration: "One embodiment involves 
the use of intravenous methods of administration to deliver nucleic acid encoding for necessary 
molecule to treat diseases in the lung. Compositions which express a necessary protein or RNA 
can be directly injected into the lungs or blood supply so as to travel to the lungs. Furthermore, 
the use of an aerosol or a liquid in a nebulizer mist can also be used to administer the desired 
nucleic acid to the lungs. Finally, a dry powder form can be used to treat disease in the lung." (p. 
54). 

Gautam et al. (Exhibit A) also disclose various delivery routes and their effectiveness: 
"Intratracheal or intranasal instillation takes advantage of the accessibility of the lungs through 
the respiratory tract. The vector-DNA complex can be applied into the nose or instilled through 
an intratracheal incision in anesthetized animals, and is inhaled and diffuses into the pulmonary 
tissues." (p. 39, 2 nd par.) 

Furthermore, the specification not only teaches intravenous administration into piglets as 
referenced by the Examiner, but also teaches delivery to the nasal epithelium in humans. "There 
is a convincing increase in AAT concentrations in the levage fluid from the transfected nostril 
with no consistent change in the untransfected nostril." (p. 30 lines 7-10, also Figure 4). 
Therefore, one of ordinary skill in the art would have been able to make and use the invention as 
claimed. 

The Examiner alleges that "Further, the more widely distribution of nucleic acid encoded 
antitrypsin appears to be due to the longer duration of time between administration of nucleic 
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acid encoding antitrypsin and endotoxin, i.e., 48 hours, as compared to the duration of time 
between administration of recombinant antitrypsin protein and endotoxin, i.e., 1 hour." 
However, because nucleic acids must transfect the cell and then be expressed, a period of at least 
48 hours is typically required to achieve adequate expression. On the other hand, administration 
of a recombinant antitrypsin protein intravenously allows for immediate circulation of the protein 
to the appropriate places, so they must be administered at different time intervals in order to be 
equivalently compared. 

Furthermore, the fact that al antitrypsin is being expressed 48 hours after administration 
is a testament to its longevity and functionality. The Examiner states that "Deonarian. . .indicates 
that one of the biggest problems hampering successful gene therapy is the 'ability to target a gene 
to a significant population of cells and express it at adequate levels for long enough periods of 
time.'" However, the specification clearly shows that the al antitrypsin gene is expressed for a 
long enough period of time at adequate levels in a significant population of cells. Not only was it 
expressed 48 hours later, but "Transfection of the 2CVSMEo- cells with the halAT gene results 
in production of al AT protein for 1 wk after transfection with peak expression seen at days 4 and 
5." (p. 37, bridging p. 38). 

Furthermore, it's clear from the specification that it's the respiratory cells expressing al 
antitrypsin after transfection: 'Thus, hal AT gene transfer using a plasmid-liposome delivery 
system protects CF bronchial epithelial cells from NE-induced cell detachment and prevents 
release of a neutrophil chemotactic factor, or factors, which is either EL-8 or an immunogenically 
related molecule." (p. 38, lines 11-16). The specification also states that "Even though aerosol 
therapy with SLP1 or al AT protein corrects the protease-antiprotease imbalance in the epithelial 
lining fluid. . .twice daily therapy is necessary and prohibitively expensive, haAT gene therapy 
may permit administration of the transgene at weekly or possible longer intervals with a more 
cost-effective profile." (p. 40, lines 4-14). 

The Examiner also cites Verma and Eck which reviews various vectors known in the art 
for use in gene therapy and the problems associated with each. According to the Office Action, 
the references conclude that at the time of the claimed invention, resolution to vector targeting 
problems had not been achieved in the art. Verma discusses the role of the immune system in 
inhibiting the efficient targeting of viral vectors such that efficient expression is not achieved. 
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However, significant progress was made with applicants' invention, which targets the nucleic 
acid to those specific respiratory cells in need. This results in uptake and expression by the 
respiratory cell, in contrast to administration of a recombinant protein which is not targeted to the 
appropriate location. Therefore, this invention provides a significant advance in targeting 
strategy compared to Verma and Eck. Furthermore, the novel method provided herein is based 
on technology for which the problems referred to in the cited art are not clearly relevant. Thus, 
the Verma and Eck references are not properly relied upon as a basis for alleging lack of 
enablement. Thus applicants believe this rejection has been overcome and respectfully request its 
withdrawal. 

Pursuant to the above amendments and remarks, reconsideration and allowance of the 
pending application is believed to be warranted. The Examiner is invited and encouraged to 
directly contact the undersigned if such contact may enhance the efficient prosecution of this 
application to issue. 

A Credit Card Payment Form PTO-2038 authorizing payment in the amount of $510.00 
representing the fee for a small entity under 37 C.F.R. § 1.17(a)(3) and a Request for Extension 
of Time are enclosed. No additional fees are believed to be due; however, the Commissioner is 
hereby authorized to charge any fees that may be required or to credit any overpayment to 
Deposit Account No. 14-0629. 



Respectfully submitted, 



NEEDLE & ROSENBERG, P.C 




Ja^ll T. Cleveland 
Ryistration No. 53,848 



NEEDLE & ROSENBERG, P.C. 
Customer Number 23859 
(678) 420-9300 
(678) 420-9301 (fax) 
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I hereby certify that this correspondence, including any items indicated as attached or included, is being deposited with the United States Postal 
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Abstract Delivery of therapeutic genes to the lungs is an attractive strategy to correct a variety of pulmonary dysfunc- 

tions such as cystic fibrosis, alpha- 1 antitrypsin deficiency, pulmonary hypertension, asthma, and lung cancer. 
Different delivery routes such as intratracheal instillation, aerosol and intravenous injection have been utilized 
with varying degrees of efficiency. Both viral and non-viral vectors, with their respective strengths and 
weaknesses, have achieved significant levels of transgene expression in the lungs. However, the application of 
gene therapy for the treatment of pulmonary disease has been handicapped by various barriers to the delivery 
vectors such as serum proteins during intravenous delivery, and surfactant proteins and mucus in the airway 
lumen during topical application of therapeutic genes. Immune and cytokine responses against the delivery 
vehicle are-also major problems encountered in pulmonary gene therapy. Despite these shortcomings much 
progress has been made to enhance the efficiency, as well as lower the toxicity of gene therapy vehicles in the 
treatment of pulmonary disorders such as cystic fibrosis, lung cancer and asthma. 



The lung constitutes an important organ for the delivery of 
therapeutic genes, and one of the most widely investigated. The 
vast surface area of the lungs can be targeted both for correction 
of primary pulmonary diseases, and as a potential site for the 
production of therapeutic gene therapy products for systemic ap- 
plications. The large network of blood vessels in the lungs, cou- 



pled with easy accessibility through the pulmonary airways, en- 
ables the lungs to be targeted by both intravenous and topical 
routes. The latter fact makes the lung unique compared with other 
organs, allowing specific lung sites such as alveolar cells and 
bronchial epithelium to be exclusively targeted for different ther- 
apeutic applications. Different sites in the bronchi, such as the 
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proximal and distal bronchial airways, can be targeted with aero- 
sols utilizing the appropriate particle size. The proximal and dis- 
tal airways could also be accessed through direct injections via 
fiberoptic bronchoscopy and intrabronchial instillation. Vectors 
used for the delivery of gene therapy have to contend with natural 
harriers in the lung such as ciliated epithelium, surfactant pro- 
teins, mucus and alveolar macrophages. The alveolar lung paren- 
chyma and endothelial cells can also be targeted through intrave- 
nous injection of the delivery vectors. These vectors have to 
evade the serum proteins and blood immunological responses to 
trans feet the target cells efficiently. In diseased and injured lungs, 
the barriers for vector delivery of genes can be formidable. Issues 
such as the degree of transfection of the pulmonary cells and the 
persistence of gene expression also need to be addressed for ef- 
fective pulmonary gene therapy. 

1. Delivery Vectors 

1.1 Viral Vectors 

The molecular biology of viruses makes them ideal carriers 
for gene delivery7Trieir^^ 
tropiiicity are major advantages for genejdejiy^ 
c-mos't ' widely "Ssed* vectors to date hi clinical genejherapy proto- 
col srHowFveTT^helnflammatory and immune responses^oflhe 
host against these viral vectors are a major handicap, and different 
strategies to reduce these adverse events have been reported. 

1. 1 1 Retroviruses 

Retroviral vectors, unlike many other vectors, have the abil- 
ity to integrate into the host genome and stably transduce the cells, 
which is a likely prerequisite for long-term gene expression. 
Retroviruses are useful for ex vivo gene transfer in stem cell gene 
therapy and for in vivo applications such as treatment of cancer 
and HIV. The retrovirus is an RNA virus consisting of two copies 
of a single stranded RNA genome. The genome has different se- 
quences known as pol, gag, and env encoding different structural 
and catalytic proteins, and is surrounded by a glycoprotein enve- 
lope. Although commonly used in gene therapy protocols, retro- 
viruses have their shortcomings. One potential hazard is the pro- 
duction of replication competent viruses that can infect humans. 
Replication competent retroviruses have been shown to induce 
malignant T cell lymphoma in immunocompromised monkeys, 115 
but virus-induced malignancy or infection have not been reported 
in humans. Also, integration of the virus into the host genome 
could potentially inactivate tumor suppressor genes or activate 
oncogenes, which may lead to a malignant phenotype of the target 
cell. 121 Retroviral vectors have a limited capacity for inserting 
DNA (7 to 13Kb) and entail high costs in quality control and 



large-scale production. Furthermore, most of the initial retro- 
viruses tested were not able to transduce non-dividing cells. How- 
ever, retroviruses have been utilized for delivery of genes to air- 
way epithelial basal and secretory cells I3J and also for therapeutic 
studies in various disease models [4 * 5] including clinical trials in 
cancer. l6J Selective targeting of the retrovirus, either cellular or 
transcriptional, could enhance the efficiency and safety of the 
vector.' 71 

Lentiviruses such as HIV-1 can replicate in non-dividing 
cells, and are currently being investigated for various gene ther- 
apy protocols. 18 " 101 The best targets for lentiviral vectors seem to 
be the nervous system, retinal cells and the lympho-hematopoi- 
etic system. Lentiviruses show promising application for ex vivo 
transduction of the cells. However, lentiviruses have resulted in 
rather poor transduction of liver, muscle and lungs J 93 

7. 1.2 Adenoviruses 

Adenoviral vectors have been the most extensively utilized 
viral vectors for gene therapy. The adenovirus has an icosahedral 
shape with the outer capsid comprising of hexon (II), penton base 
(HI) and knobbed fiber proteins (IV). The viral genome has ter- 
minal proteins attached to the 5' termini which has inverted ter- 
minal repeats (ITRs). The adenoviral DNA transcription has an 
early and a late phase. The transcription starts with a complex 
series of splicing events of various gene cassettes termed El, E2, 
E3 and E4. [llJ2J Being a respiratory virus, the adenovirus has 
evolved over years to evade the pulmonary barriers and transfect 
the bronchial airways. The adenovirus can only accommodate 
about 2Kb of foreign sequences in its genome. Several deletion 
adenoviruses have been developed to enhance the packaging ca- 
pacity of the adenovirus and to reduce its toxicity. The first gen- 
eration adenovirus vectors were developed by deletion of El 
and/or E3 cassettes 1111 making it possible to insert about 6.5 to 
7Kb foreign DNA. The E2 sequences, ITR and packaging se- 
quences were left intact. The second-generation adenovirus vec- 
tors were developed by removing the E2 genes. ll2,I3] Some other 
virus genes and sequences were deleted to make third generation 
vectors, also known as 'gutless' or high capacity helper-depend- 
ent adenovirus vectors. 1 141 Only the ITR and packaging sequences 
were retained and the vectors required helper viruses for propa- 
gation. The gutless vector does not induce acute liver toxicity, 
inflammation or cellular infiltration compared with El -deleted 
vectors. 1151 Further modifications through the Cre-lox helper de- 
pendent system has made it possible to prevent the packaging of 
the helper viruses. [16 l Another modification reported recently in- 
volved mutations in El leading to selective replication of the 
virus in only p53-defective tumor cells. [17] This virus has been 
commercially formulated as Onyx 015, and several clinical trials 
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are currently underway using this vector. 1 18 - 191 Adenoviral target- 
ing through antibodies and molecular conjugates to different eel Is 
has also been reported to enhance gene transfer, and reduce in- 
flammatory responses. 120 - 21 1 

One of the limitations of using adenoviruses for pulmonary 
gene therapy is that the receptors for adenovirus are located at the 
basoiateral surfaces, making it difficult to target the apical surface 
of the epithelium through the airways. Modifications to alter the 
receptor affinity of the virus by engineering the knob fiber capsid 
proteins 1221 and opening the epithelial tight junctions using 
ethyleneglycol tetra-acetic acid (EGTA), to make the basoiateral 
surface more accessible, 1231 are being investigated to enhance the 
uptake of adenovirus via the airway route. Delivery of adenoviral 
vectors in perfluorochemical (PFC) formulations, which can dif- 
fuse throughout the pulmonary tissue, has been demonstrated to 
enhance epithelial cell uptake and gene expression.* 24 ! 

1.1.3 Adeno-Associated Virus 

Adeno-associated virus (AAV) is a non-pathogenic single 
stranded DNA virus. The replication (rep) gene is under the con- 
trol of p5 and pl9 promoters. Since the adenoviruses cannot in- 
tegrate into the host genome, formation of hybrid vectors with 
AAV ITRs have been developed to facilitate transgene integra- 
tion. 1251 Also AAV can transfect non-dividing cells, but gene ex- 
pression in these cells is usually less than that achieved in divid- 
ing cells. AA^gene delivery results in long term expression and 
does not induce high inflammatory responses. However, their 
small insert size (upper limit of 4.7Kb size DNA) is a major 
.limitation. Another limitation is the establishment and mainte- 
nance of packaging cell lines, and the production and purification 
of the vectors. Recently some of these problems have been ad- 
dressed by using the HIV long-terminal repeats (LTR) promoter 
to drive the rep gene, resulting in a 10-fold increase in packaging 
efficiency. 1261 Also cell populations containing rescuable AAV re- 
combinant genomes have been developed to enhance packag- 
ing. 1261 Yan et al. 1271 recently demonstrated that the small packag- 
ing size of the AAV can be overcome by splitting the insert gene 
across two different AAV vectors and using trans-splicing to ex- 
press the gene. AAV vectors have generated a lot of interest in 
pulmonary gene therapy, especially due to their potential use in 
cystic fibrosis gene therapy. Flotte et aU 281 demonstrated that 
endobronchial instillation of AAV expressing the normal cystic 
fibrosis transmembrane conductance regulator (AAVp5CFTR) 
could result in transfection of >50% of the bronchial epithelium 
at the delivery site, although no transfection was detected at other 
sites. Reverse transcriptase polymerase chain reaction (RT-PCR) 
and immunohistochemistry revealed gene expression up to 6 
months after delivery. A subsequent study, 1261 showed that intra- 



peritoneal injection of AAVp5LacZ resulted in transfection in 
approximately 25% of the airway epithelial cells. Conrad et al. [29] 
demonstrated the safety and feasibility of delivering AAV-CFTR 
to the lungs of rhesus macaques. The vector mRNA was detect- 
able by RT-PCR for up to 6 months post-instillation of the vector, 
using fiberoptic bronchoscopy. Furthermore, the safety of the 
vector was determined by various parameters such as pulmonary 
functions and chest radiographs. An interesting report recently 
demonstrated that AAV serotype 5 (AAV5), and not AAV2, binds to 
the apical surface of the epithelial cells, enhancing gene transfer 
to the bronchial epithelium. [30] This could make AAV5 ideal as 
gene delivery vehicle for diseases such as cystic fibrosis, and 
warrants further investigation. 

1.2 Non-Viral Vectors 

As pointed out in the previous section, one of the major lim- 
itations of using viral vectors is the undesirable, and occasionally 
toxic, immune response to the vectors which makes multiple ap- 
plications difficult. The advantage of using non- viral vectors over 
their viral counterparts lies in their cost effectiveness, commercial 
availability and lack of immunogenicity. However, their major 
disadvantage has been the low transfection efficiency in vivo 
compared with the viral vectors. Cationic liposomes and cationic 
polymers are two of the most widely used non-viral vectors for 
gene delivery. 

1.2. 1 Cationic Liposomes 

The cationic liposomes take advantage of the plasma mem- 
brane lipid structure for fusion and delivery of the gene into the 
cells. Most cationic liposomes consist of a hydrophobic lipid 
group capable of forming and stabilizing a bilayer, and a cationic 
lipid group capable of interacting with the anionic DNA. Aneutral 
lipid is often used as a helper or fusigenic lipid for enhancing the 
transfection efficiency of the liposomes. The exact mechanism of 
cellular uptake of cationic liposomes and delivery of DNA to the 
nucleus remains to be elucidated. 1311 Signif icant progress has been 
made in increasing the transfection e fficiency usinXl iposo mes ' 
Feigner and'Rfng^^^re the first to propose the use"of cat- 
ionic liposomes for gene delivery. The first such reagent consisted 
of the cationic lipid N-[(l-(2-3-dioleyloxy)propyl)]-N-N-N- 
trimethylammonium chloride (DOTMA), and was shown to be 
efficient for transfection of both DNA and RNA into mammalian 
cells, including suspensions and hybridomas. Soon several other 
cationic lipid formulations were reported to have significantly 
higher transfection efficiency/ 331 with 3 beta [N-(N',N'- 
dimethylaminoethane)-carbamoyl] cholesterol (DC-Choi) and 
N-[l-(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammonium 
(DOTAP) showing promising results in therapeutic studies J 34 ' 35 ! 
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Some of the early studies proposed the use of cholesterol for 
increasing the liposome-mediated transfection, l36J with the under- 
standing that cholesterol, being a natural sterol, would enhance 
the fluidity of the cellular membranes thereby increasing the 
transfection efficiency. The neutral phospholipid dioleoylphos- 
phatidylethanolamine (DOPE) also increased the transfection ef- 
ficiency by destabilizing the endosomes, and helping the DNA to 
escape the endosomes and subsequently reach the nucleus. 1373 
"Different strategies such as stabilizing the liposomes by extrud- 
ing, demonstrated by Templeton et alJ 38J PEGylation, demon- 
strated by Hong et al J 391 and adding protamine, as reported by 
Li et aU 401 have been shown to increase transgene expression in 
the lungs after intravenous delivery. Another lipid formulation 
termed GL67 (an amphiphile consisting of a cholesterol anchor 
linked to a spermine head group) developed by Lee et alJ 411 has 
been reported to lead to high levels (about 1000 fold increase over 
naked DNA) of transgene expression in the lungs after intranasal 
and aerosol delivery. Similarly, the cationic lipid bis(guanidin- 
ium)-tren-cholesterol (BGTC) complexed to neutral lipid DOPE 
has been reported to lead to high levels of gene expression in the 
lungs after instillation and aerosol delivery.! 42 - 431 Targeting of 
liposomes using monoclonal antibodies has also been shown to 
increase transfection of cells. |44] However, serum has been shown 
to decrease transfection efficiency, probably because of the pres- 
ence of nucleases that can degrade the DNA, and the presence of 
proteins in the serum that can neutralize the net positive charge, 
thereby changing the physical state of the complexes. In addition, 
instillation as well as intravenous delivery of cationic liposome- 
DN A complexes leads to induction of inflammatory and cytokine 
responses leading to decreased levels and persistence of trans- 
gene expression. I 45 - 46 ! 

1.2.2 Cationic Polymers 

The high charge density and buffering capacity of the cat- 
ionic polymers helps in compacting the DNA efficiently and pro- 
tecting it from degradation by nucleases in the low pH endoso- 
mal/lysosomal compartment. These polymers have a positive zeta 
(Q potential, a diameter of approximately 40 to 250nm and a high 
buffering capacity between pH 5 and 7. There are three different 
types of cationic polymers commonly used for the delivery of 
genes to cells and tissues. Dendrimers are a class of polymers 
where the amine material is repeatedly substituted at its amino 
termini resulting in a branched structure. The extra layer is termed 
a generation, giving rise to the terminology of dendrimer gener- 
ation^, -5, -6, etc. Haensler and Szoka l47] were the first to report 
the potential use of these polymers for transfecting cells. They 
demonstrated that a plasmid encoding a luciferase reporter gene 
gives high transfection in CV-1 fibroblast cells at an optimum 



charge ratio of 6 to 10 with generation-6 dendrimers. However, 
these dendrimers were toxic to cells and their toxicity increased 
when complexed to DNA. Chloroquine 50mM and diethy lamino- 
ethyl (DEAE)-dextran 0.5mM increased the transfection effi- 
ciency of these dendrimers, but dimethylsulfoxide (DMSO) did 
not have any effect. 148 ' Enhanced expression in the presence of 
chloroquine indicated increased uptake of the dendrimer-plasmid 
complexes through the endosomes, and DEAE-dextran was pos- 
tulated to alter the nature of the complexes leading to enhanced 
uptake. A sub-class of these dendrimers is the 'fractured den- 
drimers' 1491 which are the active components of the heat-treated 
dendrimers. They have enhanced transfection efficiency because 
of increased flexibility which in turn decreases the possibility of 
DNA-dendrimer particle aggregation. 

Polyaminpacids are another class of polymers used for effi- 
cient transfection of cells both in vitro and in vivo. Poly-L-lysine 
(PLL) is the most extensively used polymer of this group, and 
optimum expression is obtained at a lysine to DNA nucleotide 
ratio of 1 . 150] The PLL-DNA particles are spherical in shape with 
a diameter of 170nm when complexed in 1.5 M NaCl. PLL stabi- 
lizes the A:T rich regions of the DNA, compared with poly-L-ar- 
ginine (PLA), which stabilizes G:C regions. Both PLA and PLL 
have similar binding specificities for DNA. The polymer binds to 
one of the DNA grooves with the basic group of lysine interacting 
with the DNA phosphate group. PLL, PLA and poly-L-ornithine 
(PLO) have been shown to give high transfection levels in vitro 
and in the different tissues such as lungs, liver, and kidney after 
intravenous delivery. 151 ' 521 However, these polyaminoacids, espe- 
cially the higher molecular weight polymers (>25KDa), have 
been shown to be quite toxic. 

Another group of cationic polymers that have been exten- 
sively used for gene therapy are the polyethylenimines (PEI), a 
synthetic derivative of polyamines. Bousiff et al. [53] were the first 
to demonstrate PEI mediated transfection of cells in vitro and in 
vivo. They also showed that PEI nitrogen : DNA phosphate (N : 
P) ratios of 7 : 1 to 13.5 : 1 gave the highest rate of transfection. 
Goula et aU 541 optimized the PEI nitrogen : DNA phosphate ra- 
tios, and showed that ratios of around 10 : 1 gave maximum trans- 
fection in the lungs after intravenous delivery. They also investi- 
gated different molecular weight PEI, both linear and branched 
forms, and demonstrated that the lower molecular weight PEI 
(around 25 KDa) gave higher levels of gene expression. However, 
it should be noted that intravenous delivery of branched PEI (25 
KDa) is associated with adverse events such as pulmonary in- 
flammation, hemorrhage, and even death in animals. Bragonzi et 
al. (55] optimized ratios for intranasal instillation and intravenous 
delivery to the lungs, and also compared the efficacies of PEI and 
cationic lipids in mediating systemic gene delivery to the lungs. 
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They demonstrated that the highest transfection rates in the lungs 
were achieved by PE1 administered intravenously or by intranasal 
instillation. Our group have also demonstrated the use of PEI for 
aerosol delivery of DNA for pulmonary gene therapy. 156,571 We 
have reported anti-tumor effects via aerosol delivery of PEI-p53 
complexes in lung cancer models, 158 ' 591 the use of aerosol delivery 
of PE1-DN A complexes for genetic immunization/ 561 and lack of 
toxicity after PEI-DNA aerosol delivery. 157 ' 601 The mechanism of 
PEJ-mediated gene transfection has also been studied.' 611 The 
buffering capacity of PEI in the endosomes seems to play a crucial 
role in protecting the DNA and carrying it to the nucleus. This is 
in contrast with the cationic liposomes, which dissociate from the 
DNA in the endosomes. In contrast, PEI escorts the DNA to the 
nucleus.' 611 Furthermore, lung surfactants do not affect the trans- 
fection efficiency of PEI in v/rroJ 621 

2. Naked DNA 

The use of naked DNA for gene delivery has been restricted 
mostly to direct injection into accessible sites, such as muscle and 
brain, which would increase the probability of gene expression. 
Naked DNA for gene therapy of the lungs has not been widely 
investigated, primarily due to the fact that viral and non-viral 
vectors result in much higher expression in the pulmonary tissue. 
The naked DNA lacks the receptor-mediated uptake that is pos- 
sible with viral vectors. The endocytosis pathway, which the cat- 
ionic lipids use for transfection, results in degradation of the na- 
ked DNA in the low pH milieu of the endosomes/lysosomes, in 
the absence of protection from non- viral vectors. However, there 
,are a few studies showing that naked DNA can result in similar 
levels of transfection in the lungs compared with cationic lipo- 
somes after instillation deli very. [63M] Intravenous delivery of na- 
ked DNA normally results in poor transfection levels because of 
interaction with serum proteins and degradation by nucleases. 

3. Delivery Strategies 

3.1 instillation 

Intratracheal or intranasal instillation takes advantage^of the 
accessibility of the Tun^s Thro ugh the respiratory tract. The vec- 
tor-DN A complex can be applied into the nose or instilled through 
an in fratracheal mcision in anesthetized animals, and is inhaled 
and diffuses into the pulmonary tissues. However, apart from be- 
ing inherently invasive, the strategy does not distribute the mate- 
rial uniformly throughout the lungs, localizing it randomly 
through the epithelium in the upper airways as demonstrated by 
Meyer et al.J 631 Uyechi et al. 1651 and Bout et aU 661 After instilla- 
tion, the transgene localizes mainly in the trachea and mainstream 



bronchi, with the left and accessory lobes of the lung expressing 
significantly higher levels than the right lobe of the lung. Another 
interesting, and rather intriguing, finding was that naked DNA 
resulted in similar expression compared with cationic lipid-DNA 
complexes, in contrast to other reported studies. 163 - 641 Tjiepersist- 
ence of gene expression was found to be about a we ek. Instillation 
isTimited by the fluid volume that can be administered safely, and 
instilled liquids typically distribute according to gravity. Another 
shortcoming is that the animals have to be anesthetized before 
delivery of gene vectors through nasal or tracheal instillation. 
Also, the instillation delivery strategy leads to a localized inflam- 
mation and irritation in the lungs, and a small portion of the so- 
lution also gets swallowed into the gastrointestinal tract. 1631 
Cytokine and inflammatory responses to delivery vectors, lead- 
ing to decreased expression as well as low persistence of gene 
expression, have also been documented. [46J Despite these limita- 
tions, gene delivery by instillation has shown promise in different 
disease models of endobronchial pulmonary cancer, as demon- 
strated by Blezinger et al.' 67] and Zou et al., [68] and is also poten- 
tially useful for gene therapy in cystic Fibrosis as demonstrated 
by Griesenbach et al. [69] This can be attributed to the fact that a 
large amount of DNA can be applied directly to the target cells 
leading to a therapeutic response. The strategy seems to be best 
suited for application of therapeutic genes to the nasal and upper 
airway epithelium, which is targeted most efficiently by instilla- 
tion.' 631 

3.2 Aerosol 

Aerosol delivery of genes takes advantage of the airways to 
directly target the lungs. However, unlike instillation, aerosol de- 
livery is relatively non-invasive, and distributes the vector-DNA 
particles uniformly throughout the pulmonary tissue, including 
the terminal and respiratory bronchioles. Despite these advan- 
tages and successful reports of airway transfection after aerosol 
delivery,' 701 the strategy has not been widely utilized because in 
some cases there is degradation of DNA during nebulizationJ 711 
Mostly, cationic liposomes complexed to plasmid DNA have 
been nebulized for aerosol gene therapy and have demonstrated 
significant levels of transgene expression in the lungs.' 72 " 751 Viral 
vectors have also been utilized for aerosol delivery of genes to 
the lungs, resulting in high transfection efficiency.' 7 ^ However, 
the inefficiency of the aerosol delivery system would require 
large amounts of vector, which could be rate limiting for viruses. 
Also, Pillai et al.' 77] demonstrated plasmid stability and airway 
transfection after aerosol delivery of cationic lipid-DNA formu- 
lations using an ultrasonic nebulizer. Recently we have demon- 
strated that PEI , a cationic polymer, could protect the DNA dur- 
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ing nebulization and achieve higher levels of transfection in the 
lungs after aerosol delivery compared with different cationic 
lipids tested. 1561 The levels of transgene expression were suffi- 
cient to achieve an anti-tumor response in two different lung can- 
cer models 158 - 591 and resulted in a robust antibody response 
against the protein product of the gene used for genetic immuniza- 
tion. 1561 Furthermore, the aerosol PEI-DNA does not lead to signif- 
icant acute inflammation 1571 or induction of pro-inflammatory 
cytokines such as interleukin (IL)-lp or tumour necrosis factor 
(TNF)-a in the lungs or the serum.' 601 

Modification of aerosol output particle size as well as nebu- 
. lization conditions can help target different regions of the bron- 
chial airway tree specifically and uniformly. 178 ! Large particle 
size aerosols (>4um) target mainly the oropharyngeal layers of 
airways, whereas small aerosol particles (<2p.m) can penetrate 
into the peripheral pulmonary tissues such as terminal and respi- 
ratory airways. [79J Similarly, modification of pulmonary func- 
tions such as tidal and minute volumes by breathing low carbon 
dioxide levels (about 5% C0 2 ) can also help deposit a higher 
percentage of aerosol particles into the lungs, leading to increased 
transgene expression.' 571 Chu et al.' 23 l demonstrated that pretreat- 
ment of airways with EGTA can enhance the transfection and 
expression of aerosolized or instilled viral and non-viral formu- 
lations. The hypothesis is that EGTA opens up the tight junctions 
in the bronchial epithelium, enhancing the uptake of the aerosol- 
ized particles from the basolateral surface of the cells. 

The major limitation for aerosol delivery of gene therapy 
formulations could be due to compromised airways as occur in 
pulmonary diseases and injured lungs. Airways that are con- 
'Slricted due to mucus or inflammation could result in decreased 
transfection by the aerosol particles, and macrophage clearance 
of the vectors could also be enhanced.' 80] However, using 
mucolytic agents can facilitate mucus clearance in the airways, 
thereby enhancing deposition and transfection of subsequently 
aerosolized formulations. Altered breathing parameters of pa- 
tients could also influence the deposition and transfection of the 
aerosol particles. The inherent inefficiency of the system is an- 
other issue, requiring large amounts of material for significant 
transfection in the lungs.' 70 ' 

3.3 Intravenous 

There are situations when mucus, surfactant proteins or dis- 
ease pathology present impenetrable barriers to the delivery of 
vectors administered via the airway route. Also, there are compli- 
cations when the desired target sites include the interstitium and 
lung alveolar and endothelial cells rather than the airway epithe- 
lium, as might be the case with metastatic disseminated tumors 



and pulmonary hypertension. The major advantage of using the 
intravenous route is that the vascular endothelium can be specif- 
ically targeted and a large amount of DNA can be administered 
in a single injection. The mesh-like network of blood vessels in 
the lungs also help to distribute the complexes to a large surface 
area. Although biodistribution after intravenous delivery is not 
specific to the lung' 38 ' 551 delivery by this route is still able to 
achieve high levels of transgene expression in the lungs. The gene 
expression can be made specific for the lungs by using tissue-spe- 
cific promoters driving the transgene. Liu et al.' 81] have studied 
extensively the different parameters influencing liposome-medi- 
ated intravenous gene delivery, including, lipid : DNA ratio, 
comparison of different neutral lipids, efficacies of small unicel- 
lular vesicles (SUV) and multi-lamellar vesicles (MLV), and 
particle size of the liposomes. However, Li et aU 45 l demonstrated 
that cytokine induction [such as IL-l(i, TNF-ot, and interferon 
(INF)-y] against the non-viral delivery vectors (cationic lipo- 
somes) is a major disadvantage for intravenous delivery of cat- 
ionic lipid-DNA complexes. Cytokine induction leads to de- 
creased transgene expression, low persistence and a refractory 
period between consecutive doses. Immune and cytokine re- 
sponses are important concerns related to intravenous delivery of 
viral vectors, especially because they can induce global toxic- 
ity. 182 ! Different viral vectors have been modified by deletion of 
viral replication elements such as E1A, as well as envelope gly- 
coproteins, to reduce these undesired effects. Targeting of the 
endothelium with anti-platelet endothelial cell adhesion molecule 
(PECAM) antibodies have been proposed to enhance uptake and 
transgene expression in the lungs after intravenous administra- 
tion, and to reduce toxicity. [44] Also, Orson et al. [83] have devel- 
oped albumin-polyethylenimine-DNA (MAA-PEI-DNA) com- 
plexes that lead to increased transfection in the lungs after 
intravenous delivery. The transfection after intravenous delivery 
is mostly restricted to the endothelial and alveolar cells. Although 
the intravenous mode of delivery has been tested in an attempt to 
target the epithelium, this has not been very successful. 

3.4 Direct Injections into the Disease Site 

In complications such as a solid tumor mass or cystic fibrosis 
lungs with mucus, where administration via the respiratory tract 
or intravenously may not be successful, direct fine needle injec- 
tions using bronchoscopy or computer tomography-assisted in- 
jections can be made to the disease sites. 184 ' 851 The major advan- 
tage of this approach is the high degree of transfection at the 
injected site. However, it is a complicated and invasive technique 
and multiple injections at different sites are required for effective 
treatment, making it cumbersome for patients and clinicians. To 
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date, only viral vectors have been utilized for this strategy be- 
cause of the fact that the viruses generally have much higher 
transfeciion efficiency after direct injection, compared with non- 
viral vectors. The direct inoculation strategy has been mostly 
utilized for treatment of lung cancer, mesothelioma and cystic 
fibrosis, where specific regions of the lungs can be selectively 
targeted.!" 4 - 87 ' 

4. Current State of Gene Therapy for 
Pulmonary Diseases 



4.1 Cystic Fibrosis 

Cystic fibrosis is a classic example of a lethal autosomal 
recessive genetic disease. It is characterized by a mutation in the 
cystic fibrosis transmembrane conductance regulator (CFTR) 
gene, resulting in absence or dysfunction of the cyclic adenosine 
monophosphate (cAMP)-regulated chloride channel and imbal- 
anced chloride and sodium transport across the apical surface of 
the epithelial cells. [88J This dysfunction in ion transport results in 
a lethal phenotype with the airways being clogged with mucus 
and sputum. Data from cell culture studies suggest that transfec- 
tion of just 5 to 10% of the affected epithelial cell monolayer with 
wild type CFTR may be enough to produce a therapeutic effect 
in patients with cystic fibrosis by normalization of the trans- 
Tepithelial chloride transport. 1 89J Since the cloning of the CFTR 
gene in 1990, several gene therapy strategies have been applied 
t to deliver the gene to the epithelium,! 90 ' 913 with approximately 20 
different studies in various phases of clinical trials. Most of the 
studies have been Phase I clinical trials, with either viral or non- 
viral vectors administered intranasally or by aerosol. Both func- 
tional (potential difference across epithelium, ion conductance) 
and molecular (PCR analysis of vector transcripts) markers were 
studied, along with an analysis for safety. Knowles et al. I92] ini- 
tially demonstrated that nasal application of adenoviral vector to 
nasal epithelium produced a very low degree of gene transfer and 
minimum functional correction. Alton et al. l93) demonstrated 
modest phenotypic correction in patients, as detected by chloride 
ion conductance, after exposure to cationic liposome vectors en- 
coding CFTR via aerosol. However, there was no improvement 
in sodium transport function in the lung. Harvey et al J 94] sprayed 
adenoviral vector encoding CFTR into a small area in the bron- 
chial airway, and detected transcripts by RT-PCR at levels >5% 
above the endogenous mutated transcripts in the transduced cells. 
In this study, transcripts were detected up to 3 days post admin- 
istration of the virus, although no levels were detected after 30 
days. Furthermore, repeated administration of the virus resulted 



in loss of expression, although this did not correlate with systemic 
anti-adenovirus neutralizing antibodies. 

The thick sputum and mucus in the airways has been another 
difficult barrier to surpass for aerosol delivery. 195 ! One strategy 
proposed to overcome this is to use perfluorochemical (PFC) liq- 
uids along with delivery vectors which diffuse throughout the 
lungs and can help transfect distal regions of the pulmonary tis- 
sue 124.96] Another strategy is to use mucolytic agents such N- 
acetylcysteine, or DNAse, which helps to clear the sputum,! 97 ! 
before gene delivery to the lungs. The use of calcium chelating 
agents also helps in opening up the airway epithelial cell tight 
junctions, and allowing the vectors to access the receptors on the 
basolateral surface of the cells. 123 * 981 Zuckerman et al. f84] used 
bronchoscopy for injecting adenovirus- CFTR vector into the dis- 
ease site of patients with cystic fibrosis, thus overcoming the 
mucus barrier to the delivery vector. An alternative approach to 
topical delivery of genes to the airways is through the intravenous 
route, a strategy being extensively investigated (see section 
3 3) 155,69,99] Although it has resulted in some airway expres- 
sion, I69 ' 99] the intravenous route of administration has its own 
barriers consisting of endothelial cells, alveolar cells and epithe- 
lial basolateral membrane, before the vectors can reach the apical 
epithelial cells. 

4.2 Lung Cancer 

Lung cancer is the single largest cause of deaths among can- 
cer patients. The lung is also a primary site of tumor metastases, 
and inhibition of lung metastases is a major clinical challenge. 
The mortality rate is very high, despite extensive chemotherapy, 
irradiation and surgery. The advent of gene therapy has raised 
hopes for a possible cure for lung cancer, and lung cancer is the 
most extensively studied among all gene therapy protocols. One 
of the major challenges in designing gene therapy studies for 
cancer is the polygenic nature of the disease, with significant 
environmental influences. In contrast to cystic fibrosis, where 
CFTR is known to be dysfunctional, genetic analysis of cancer 
presents a far more complicated picture. Two distinct approaches 
have been followed for gene therapy of lung cancer. One gene 
therapeutic strategy for lung cancer is designed around the p53 
and retinoblastoma (Rb) tumor suppressor genes, with replace- 
ment to correct the cellular functions, or lead the cell into pro- 
grammed cell death. Aerosol, intravenous and instillation ap- 
proaches have been utilized in animal models with p53 and Rb 
genes, using both viral and non-viral vectors.! 58,59 ' 100 ' 102 ! Another 
approach centers on using immunomodulatory genes such as 
those encoding interleukin (IL)-12, IL-4, IL-2, and interferon 
(INF)-a, 1 103-1051 to marshal the body's innate immune system 
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against the tumor cells. Also, suicide genes such as thymidine 
kinase have been utilized in gene therapy for increasing drug 
sensitivity and tumor suppression.' 1063 Another interesting ap- 
proach that has been postulated in recent years is to target tumor- 
induced angiogenesis, 1 ' 071 or new blood vessel formation, thereby 
depriving the cancer cells of nutrients leading to their slowed 
growth, and possible death. Different anti-angiogenic factors 
such as angiostatin, endostatin and thrombospondin [ 108-1 101 as 
well as the p53 gene 1 11 11 have been shown to result in potent 
anti-tumor responses by inhibiting tumor-induced blood vessel 
formation. Viral vectors are the most commonly used delivery 
vectors because of their high transduction efficiency, although 
non-viral vectors have also shown promise. 

In their Phase I clinical trial, Schuler et al. |ll2] demonstrated 
the safety of administration, and also the stabilization of local 
non-small cell lung cancer, in patients administered adenovirus 
containing the p53 tumor suppressor gene. Weill et aU 87] recently 
demonstrated partial response in 25% of patients and alleviation 
of bronchial constriction in 50% of patients treated with adeno- 
virus-/^.? vector injected bronchoscopically into tumors, causing 
bronchial constriction. The patients received an injection once 
every 28 days with no evidence of acute toxicity. In lung cancer 
patients, Roth et al. ,6] demonstrated a very potent anti-tumor ef- 
fect of p53 delivered using retroviruses by direct intra-tumor in- 
jections using bronchoscopy. They further demonstrated that 
combination of p53 gene therapy with DNA damaging drugs, 
such as cisplatin, results in enhanced tumor suppression. 11 13] The 
hypothesis proposed is that the drugs trigger DNA damage and 
p53 then diverts the cell into apoptosis resulting in cell death. 
♦Similarly, combination of y-irradiation with p53 expression re- 
sults in enhanced cell death in tumors. 1 n4J Bronchial epithelium 
is the most common site of primary tumors such as bronchoalveo- 
lar cell carcinoma, and delivery of gene therapy vectors via the 
airway route may be of therapeutic benefit in the treatment of 
these tumors. Mesothelioma is another disease that can benefit by 
direct injections and airway transfection with therapeutic genes. 
Although gene therapy alone shows promise, a multi-modality 
approach might be more suitable for polygenic diseases, such as 
lung cancer. 

4.3 Apha-1 Antitrypsin Deficiency 

Alpha- 1 antitrypsin (A AT) protein is an endogenous anti- 
protease, produced primarily in the liver, which counteracts the 
activity of the proteases and elastases produced from inflamma- 
tory cells. The protein reaches the lungs through the systemic 
circulation after being secreted into the blood stream from the 
liver. Chronic lung inflammation and pulmonary emphysema are 



the primary manifestations of the disease in AAT-deficient pa- 
tients. Conventional therapy is intravenous administration of pu- 
rified AAT protein. However, the high expense and the frequent 
administration of the protein emphasize the need for alternative 
therapies. Delivery of the AAIgene encoded in a delivery vector 
has several advantages. Firstly, it can localize the transgene ex- 
pression to the lungs leading to an enhanced local level of the 
AAT protein. Secondly, the long term expression of AAT in the 
lungs would help to reduce the frequency and cost of administra- 
tion. Thirdly, gene therapy may reduce the potential hazards pa- 
tients might face in the case of injection of AAT protein, which 
is purified from pooled human serum. A significant amount of 
data has been collected recently to propagate the idea of AAT gene 
therapy. Most of the delivery vectors used are non- viral vectors, 
presumably because viral vectors could aggravate the already in- 
flamed lungs despite achieving higher levels of transgene expres- 
sion. 11151 Aerosol and intranasal administration are theoretically 
better delivery systems since they can target the bronchial epithe- 
lium of the lungs, leading to a localized secretion of the AAT 
protein. Rosenfeld et al. [I,6] were the first to show that intranasal 
delivery of adenovirus encoding the AAT gene to the airway epi- 
thelium of cotton rats resulted in robust gene expression in the 
lungs. Brigham et al.* 1171 have shown that significant levels of 
AAT expression can be achieved in the nasal mucosa of AAT- 
deficient patients after intranasal delivery of cationic liposomal 
formulations of the AAT gene. They further demonstrated the ad- 
vantages of such therapy over conventional protein therapy and 
characterised by decreased inflammation, increased local AAT 
levels and long-term expression of AAT. Canonico et al" 1118] have 
demonstrated the efficient transfection of the rabbit airway cells 
by AAT gene delivered by the aerosol and intravenous routes. 
The PEI-DNA aerosol delivery system developed and optimized 
by our group! 571 also holds potential for AAT gene therapy, given 
the fact that the aerosol particles can very efficiently transfect the 
airway epithelial cells leading to a long term (about a month fol- 
lowing a single aerosol exposure) transgene expression in the 
lungs. 1 119] Adult respiratory distress syndrome (ARDS) and em- 
physema, two pulmonary diseases that are caused by unregulated 
neutrophil responses, can also be potentially treated by AAT gene 
therapy that can inhibit the action of neutrophil elastase. 11171 

4.4 Asthma 

The pathogenesis of asthma is not clearly understood. The 
disease is triggered in part by environmental factors. A number 
of other factors have been proposed [120] but there is still no con- 
sensus on the pathways and factors involved in triggering airway 
hyperresponsivenss and inflammation characteristic of asthma. 
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The cell types involved in the pathogenesis of asthma are another 
point of debate. A variety of cells have been implicated including 
macrophages, lymphocytes and bronchial epithelial cells.* 1211 
Given multiple potential targets, gene therapy for asthma is a 
complicated proposition and still theoretical at best. However, 
considerable advances have been made and interesting studies 
have raised the hope for future gene therapies for asthma. Most 
of the gene therapy strategies proposed involve the modulation 
t)f T helper type 2 (Th2) cytokines produced by the lymphocytes, 
which play a central role in the pathogenesis of asthma. Nyce and 
Metzger 1 1221 demonstrated the use of antisense DNAin down reg- 
ulating the Th2 cytokine, IL-4, in an animal model of asthma. 
Another strategy is to over express INF-y and IL-12 which inhibit 
the secretion of proinflammatory cytokines, such as IL-4, as dem- 
onstrated in animal models of asthma.' 123 * 1241 Delivery of CpG 
oligonucleotides, associated with the regulation of the costimula- 
tory factors B7. 1 andB7.2, is another strategy proposed to reverse 
Thb-associated allergic airway responses. 11251 Ohkwara et al. 11261 
demonstrated that intranasal delivery of recombinant adenoviral 
vector containing IL-10 can reduce the total cell count and eosin- 
ophil numbers, as well as IL-5 levels in the bronchial alveolar 
lavage fluids in a murine model of allergen-induced airways in- 
flammation. Mathieu et al. 11271 reported that transfection of A549 
human lung epithelial cells with a glucocorticoid receptor re- 
pressed transcription factor NF-kB and AP-1 activities even in 
the absence of corticosteroids. This novel finding may present an 
alternative therapeutic strategy to control asthma in patients 
whose asthma is resistant to treatment with corticosteroids. For 
asthma gene therapy, delivery of genes using non-viral vectors 
»may be more suitable than using viral vectors because viral vec- 
tors can potentially induce inflammatory responses, further ag- 
gravating the hyperactive airways. Aerosol delivery of gene ther- 
apy vectors could be the delivery system of choice, since it can 
efficiently target the airway epithelium,! 1 191 a primary disease site 
in asthma. The long-term expression of transgenes in the lungs 
may also help to reduce the cost and frequency of treatment. 



5. Conclusions 

Gene therapy holds tremendous therapeutic potential for a 
variety of pulmonary diseases. Most of the preliminary work re- 
garding the genetic basis of diseases and development of vectors 
and delivery systems has been extensively investigated with nu- 
merous studies underway. The next phase of development in gene 
therapy would be to enhance the efficiency of transfection and 
lower the toxicity of the delivery vectors. In the immediate future, 
gene therapy could be used more as an adjunct to conventional 



therapies. However, there is little doubt that it could be standard 
therapy for pulmonary diseases in the next few decades. 
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